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ABSTRACT 

A survey of opportunities for conjunction class manned 

missions to Mars from 1974-1993 was made. A nominal mission 

profile f o r  each conjunction was chosen and the IMEO (initial 

mass in earth orbit) required for the nominal mission was com- 

puted assuming chemical stages and a vehicle sized for 6 crewmen. 

The maximum IMEO required in the time period studied is accommo- 

dated by three Saturn V launches. Total trip time is 1000 - + 100 
days over all conjunctions studied. Time in Mars orbit varies 

from 320 days to 540 days. 

have times in Mars orbit greater than 500 days. Because of the 

15-year synodic period of Mars, similar long times in Mars orbit 

should be available in the early 2000's. 

The missions of the late 1980's 
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Introduction 

The standard classes of Mars missions are opposition 
class, conjunction class, and Venus swingby class. Of these 
three, the least studied is the conjunction class. This lack 
of attention is brought about by two characteristics of the con- 
junction class missions: 
vary significantly with different conjunctions, and mission 
duration is on the order of 1000 days compared with about 
500 days for opposition missions and about 700 days for Venus 
swingby missions. Two attractive features of the conjunction 
class missions are transfer trajectories which never pass inside 
earth's orbit or beyond Mars orbit and stay time at Mars of 
several hundred days. 

the low energy requirements do not 

The present study was undertaken to determine what 
IMEO (initial mass in earth orbit) would be required for con- 
junction class missions if Saturn V's and chemical rockets were 
to be used. 
were used in computing IMEO." 
was based solely on the weight of payload to orbit and did not 
consider factors such as stack height limitations of the 
Vertical Assembly Building, etc. 

Trajectory Calculations 

the interplanetary transfer trajectories. 
gram uses conic sections to approximate transfer trajectories. 
The launch and arrival dates were varied over 200  day inter- 
vals, which were determined in the following fashion. For a 
specified conjunction date, arrival at Mars was permitted for 
a 200  day interval up to approximately 100 days before conjunc- 
tion and departure was permitted for a 200 day interval starting 
approximately 100 days after conjunction. The shortest trans- 
fer time considered was 100 days. For example, the 1 9 7 4  
conjunction occurs on Julian date 244-2334. The arrival 
dates at Mars considered were 244-2040 to 244-2240,  with earth 
launch from 244-1740 to 244-1940. 

Crew size was taken to be six and rubber stages 
The number of Saturn V ' s  required 

The computer program IPROG2l was used to calculate 
This computer pro- 

The departure dates at 

*A rubber stage is a stage of unspecified dimensions sized 
solely on the basis of payload weight and velocity requirements. 
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Mars considered were 244-2440 to 244-2640, with earth arrival 
from 244-2740 to 244-2940. These time intervals were searched 
at 20 day intervals. This produced 121 possible transfer tra- 
jectories from earth to Mars and the same number of transfer 
trajectories from Mars to earth. Table 1 is a compilation of 
Mars conjunction dates from 1974 to 1998. 

An arbitrary selection of transfer trajectories was 
made to define a nominal mission which most nearly satisfied 
certain velocity constraints. The desired constraints for the 
nominal mission were V, earth launch less than 4 km/sec, V, Mars 
arrival and departure less than 3 km/sec, and earth entry velo- 
city less than 40,000 ft/sec (V-64.85 km/sec). The only con- 
straint satisfied by all the nominal missions was the earth 
reentry constraint. 

The trajectory characteristics for the set of nominal 
missions which best met the above criteria are described in 
Table 2. Two interesting details, total trip time and time in 
Mars orbit, which are computed from Table 2, are plotted in 
Figure 1. Total trip time is 1000 + 100 days over all conjunc- 
tions studied while time in Mars orbit varies from 320 days to 
540 days. 

Initial Mass in Earth Orbit 

The IMEO was calculated for each of the nominal 
under the following assumptions: 

Rubber propulsive stages 

I of 460 seconds for planetary propulsive modules 

Mass fraction .86 for propulsive stages 

Mass of earth entry module, 15,000 lbs 

Mass of mission module and laboratory, 70,000 lbs 

Mass of Mars experiment payload, 50,000 lbs 

Injection from 48 hour period earth parking orbit with 
periapsis altitude of 185 km (100 nautical miles) 

Mars orbits considered were 12, 24 and 48 hour periods 
with periapsis altitudes of 185 km and 1000 km 

SP 

The assumption of rubber staqes was made for the sake 
of simplicity in this study. 
cyrogenics and for a conjunction class mission 700 days of 

An I of 460 seconds requires SP 
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storage are required (i.e. through the Mars orbit escape phase). 
The module weights2 are sized to accommodate a crew of six. The 
48 hour earth orbit is selected to maximize the energy delivered 
by the Saturn V in burning nearly all the fuel in the SIV-B. 
The details of assembly in earth orbit, radiation hazard, etc., 
are described in Reference 3 .  It is assumed that a Saturn V 
can place 119,000 lbs. into such an orbit. For the six Mars 
orbits considered the maximum IMEO was required by the orbit 
with 12 hour period and 1000 km periapsis altitude. The minimum 
IMEO was required by the 48 hour orbit with 185 km periapsis 
altitude. These two extrema are plotted in Figure 2 .  There is 
slightly more than 10% variation in the IMEO over the nominal 
missions selected for a specified Mars orbit. The IMEO required 
is achievable with three Saturn V launches with 40,000 pounds 
excess capability for the maximum IMEO which is required for 
the 1985 mission. 

Conclusion 

The conjunction class missions have total trip tine 
on the order of 1000 days. The missions of the late 1980's have 
more than 500 days duration in Mars orbit. The IMEO's required 
in this time frame are the largest of the conjunction class 
missions studied but, for the planetary vehicle weights assumed 
here, are well within the capability of 3 Saturn V launches. 
The 15-year synodic period of Mars is reflected in the time in 
Mars orbit graph. Hence, similar long stay times should be 
available in the early 2000's. 

1034-CLG-blm C. L. Greer 

Attachments 
Tables 1 C 2 
Figures 1 C 2 
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Table 1 

MARS-EARTH CONJUNCTION 

Calendar Date 

October 14, 1974 

November 25, 1976 

January 20, 1979 

April 2, 1981 

June 3, 1983 

July 18, 1985 

August 25, 1987 

September 29, 1989 

November 8, 1991 

December 24, 1993 

March 4, 1996 

May 12, 1998 

Julian Date 

244 2334.5 

3107.5 

3893.5 

4696.5 

5488.5 

6264.5 

7032.5 

7798.5 

8568.5 

9347.5 

245 0146.5 

0945.5 
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